Recent advances in genomics provide genetic information from humans and other mammals (mouse, rat, dog and primates) traditionally used as models as well as new candidates (pigs and cattle). In addition, linked enabling technologies, such as transgenesis and animal cloning, provide innovative ways to design and perform experiments to dissect complex biological systems. Exploitation of genomic information overcomes the traditional need to choose naturally occurring models. Thus, investigators can utilize emerging genomic knowledge and tools to create relevant animal models. This approach is referred to as reverse genetics. In contrast to 'forward genetics', in which gene ( 
Introduction
Comparative genomics provides an important criterion for creating animal models relevant to dissecting human diseases. Resolving complex human diseases is difficult (e.g. time course of disease onset in animals, expenses associated with human clinical experiments, ethical issues), and thus appropriate biomedical models must be developed and validated. Biomedical models are defined as 'surrogates for a human being, or a human biologic system, that can be used to understand normal and abnormal function from gene to phenotype and to provide a basis for preventive or therapeutic intervention in human diseases' [10, 18] . In the past, researchers have used two main approaches to study human diseases. In one strategy, a human clinical disease is fully characterized and then the most appropriate animal model is chosen, based on criteria such as anatomical and/or physiological characteristics (biological relevance), cost and animal husbandry required. Another tactic has been to characterize naturally occurring or induced (by chemical or radiation exposure) mutant animals (most commonly the rat or mouse) and identify which human disease they resemble.
Integrating gene discovery and functional analysis is key to harvesting the 'genomic promise'. Validation of identified genes associated with QTL is essential. Because traditional validation approaches are time consuming, expensive and complicated by the diverse genetic backgrounds of non-inbred breeding stock, new methods of directly testing the causal effect of a given gene for a given phenotype are required. Because complex traits are polygenic (i.e. controlled by more than one genetic component), the ability to use a somatic cell target prior to NT to produce multiple gene substitutions into a single genetic background is essential for validating genetic interactions. Finally, by using somatic cell genomics, an ex vivo platform for expression profiling prior to NT, the number and associated costs of transgenic animals may be reduced.
Over the past decade, tremendous progress has been made with regard to the mapping and characterization of the swine genome. Moderate-to high-resolution genetic linkage maps containing highly polymorphic loci (Type II) have been produced using independent mapping populations [11, 15] . Additionally, physical mapping methods, such as somatic cell hybrid analysis [12, 19] , in situ hybridization and ZOO-FISH [1] have been employed to enrich the Type I marker map and to perform comparative analysis with map-rich species such as the human and mouse. To date, over 5000 mapped loci are catalogued for the pig genome (http://www.thearkdb.org). Swine whole-genome radiation hybrid (WG-RH) maps also have been generated [6] , resulting in yet another rapid increase in the number of loci mapped. Even more recently, the swine genomics community has acquired access to resources such as BAC libraries [5] to facilitate the production of high-resolution physical maps in specific chromosomal regions [13, 14] , and the construction of sequence-ready mapping resources for the porcine genome.
In current model systems (fruit fly, yeast, roundworm and mouse), functional genomics is supported by the ability to develop congenic inbred lines, cloning and creating mutants by either deletion or substitution of specific genes [17] . In pigs and cattle, there are neither inbred lines nor embryonic stem cell (ES) lines to create gain-of-function (GOF, knock-in) or loss-of-function (LOF, knockout) lines. In addition, the relatively long gestation time and costs of creating large breeding herds to map polygenic traits devoid of various background genes is not cost-effective with respect to validating QTL through breeding. Thus, there is an important need to develop in vitro correlates for transcription profiling (functional genomics and proteomics) similar to that developed for the worm, fly and mouse. This discovery platform must also allow capture of sequence information from comparative genomes (creating models to validate hypotheses with respect to gene-gene interactions associated with multigenic traits). It is also important that such an experimental system should allow the introgression of 'alleles' into germplasm, overcoming the current limitation of complicated targeting and deletion constructs and manipulation involved in constructing large pieces of DNA for homologous recombination (HR). Such a model for an integrated approach to build, test and refine cellular pathways resulting from specific perturbations (analysed by DNA microarrays) has recently been developed using Saccharomyces cerevisiae [17] .
'Recombineering', or 'chromosomal engineering', permits directed genetic modification of genomic DNA and links gene discovery of a given phenotype with functional analysis (directly testing cause and effect) [2] . Recombineering provides a rapid method to genetically manipulate large DNA inserts cloned into BACs [16] . BACs have proved useful for cloning and maintenance of large DNA fragments in a recA − genetic background that prevents genomic rearrangement. However, such host backgrounds also prevent the manipulation of insert DNA using conventional homologous recombination techniques [9] . Recently, a number of approaches involving modification of the host bacterium have been developed to permit BAC manipulation. These have included inducible promoters to permit transient expression of bacterial recE and recT genes or other analogous bacteriophage lambda (λ) genes (exo and beta) [20] . Recently an Escherichia coli strain harbouring a defective λ-prophage has been developed that promotes high BAC recombination frequencies.
In order to make this system suitable for BAC manipulation, the E. coli strain DY380 was generated by introducing the λ prophage into the BAC host strain DH10B [16] . The λ prophage provides a rapid single-step method to generate subtle changes in any gene in BAC clones using oligonucleotides as targeting vectors. By using a PCR-based selective amplification screen to identify targeted clones, this system enables the generation of single-base changes, deletions (up to 1.93 kb), and the insertion of unique sequences in different regions of a BAC containing Brca2. This system has since been used to generate BAC transgenic mice using a Brca2-deficient genetic background [7] . In addition, the ability to insert the fusion tag FLAG  , that consists of eight amino acids, including an enterokinasecleavage site [4] , into the Brca2 gene provided a unique method to monitor gene expression.
In order for this experimental approach to be successful, DNA sequence information of relevant genomic regions containing genes of interest must be accessible. In our laboratory, we have targeted genomic sequencing of chromosomal regions that either contribute to resolving complex phenotypes (QTL) or act as biomedical research models. Regions of interest include the porcine MHC class I, myostatin, neurofibromatosis (NF-1) and the ataxia-telangiectasia (AT) genes. In this review, we describe how we have utilized the porcine BAC 403O5 (from the RPCI-44 library) that contains the myostatin gene to demonstrate our ability to introduce small and large insertions and to monitor the expression of recombineered genes in transfected fibroblasts.
Genetic modifications of BACs
Using the recombinogenic E. coli strain DY380, we have rapidly generated multiple genetic modifications in BAC clones, harbouring the porcine myostatin gene [13] . PCR-derived ssDNA fragments were used to delete a 68 bp fragment from exon 3 of the porcine myostatin gene. A deletion in this region disrupts gene expression and blocks synthesis of the myostatin protein, resulting in a double-muscling phenotype. In order to create a targeted deletion, a 140 bp ssDNA targeting vector was constructed using a 100 bp synthetic template (50 bp flanking the deletion site in both directions) and 40 bp oligo 5 and 3 primers each of 20 bp flanking the 100 bp template and 20 bp overlapping the template. In the first set of experiments we used PCR screening with primers, designed using BAC sequencing information, flanking the deletion site of the gene. Upon analysis following recombineering, we identified PCR pools having both wild-type and recombineered product and demonstrated a recombineering deletion efficiency of 1 recombinant/470 electroporated cells. This is a lower targeting efficiency than was obtained in a similar experiment by Swaminathan et al. [16] , where they introduced a deletion into exon 11 of the murine Brca2 gene with a 1/120 targeting frequency. Thus, we re-screened our pools using the mismatch amplification mutation assay (MAMA-PCR) and the annealing temperature was adjusted so that a PCR product would only be amplified from BACs having a deletion, whereas a wild-type BAC would not be amplified. This approach permitted the detection of 1 recombinant/170 electroporated cells. DNA sequencing of the recombinant clones confirmed that the targeted deletion occurred in the desired location.
Recombineering inserts into porcine BACs
The ability to generate small insertions is a key step in using the recombineering methodology to develop an animal model. Experiments were therefore designed to determine the targeting precision of inserting specific short sequences into a particular BAC region. The 24 bp sequence encoding the FLAG  octapeptide, which when attached to the C-terminus of a protein can be used as a tag to distinguish between normal and modified protein and monitor protein movement within a cell as well as for protein purification by affinity chromatography, was utilized [13] . An oligonucleotide targeting vector (164 bp) to attach the FLAG  tag at the C-terminus of myostatin was synthesized by PCR using two synthetic 94 bp oligonucleotides, which served as template and primer simultaneously. The targeting vector thus had 70 bp arms homologous to target regions flanking both the 5 and 3 end of the insertion site in the BAC encoding myostatin, and the 24 bp FLAG  sequence. The recombinants were identified in cultured pools and then as individual colonies by FLAG  -specific PCR, with a 1/260 targeting efficiency. DNA sequencing of three PCR-positive individual clones showed that the targeting was specific and that no mutations
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Recombineered target expression in somatic cells
Another vital component in developing a recombineering platform is the ability to use the recombineered BACs to introduce targeted changes in fibroblast and other somatic cells. These studies were designed to demonstrate (a) that larger, complex gene constructs could be developed and , it is still promising that such a large insert could be incorporated in a single step without the requirement of additional antibiotic resistance or other selection markers.
The recombineered BAC (EGFP-myostatin fusion gene) was then used to transfect fetal porcine fibroblasts to demonstrate the ability of recombineered genes to be expressed. As shown in Figure 1b, we were able to demonstrate the expression of EGFP by fetal fibroblasts as measured by flow cytometry. This study showed the efficiency of transient expression of recombineered myostatin BAC (approximately 170 kb) to be around 0.01%, which is consistent with previous studies [8] . These results suggest that insertions longer than 1000 bp can be successfully recombineered into a gene of interest. Constructs generated by this approach could also be used to develop specifically modified somatic cells for conditional expression, GOF or LOF studies.
Discussion
This review summarizes our development of a somatic cell technology platform that integrates the recombineering of genomic DNA with the subsequent targeted gene manipulation of somatic cell lines. This platform provides a novel approach for dissecting physiological pathways using defined genetic systems in vitro while avoiding the cost of validation in non-inbred animals and 'genetic noise' from various background genes. The use of gene-targeted fibroblasts provides a suitable nuclear donor for use in nuclear transfer to generate unique swine germplasm for generating biomedical models. The targeting efficiencies observed in this study for FLAG  insertion and deletions are comparable to those observed using a mouse model [7, 16] . Our attention is now focused on developing site-specific recombination systems to permit targeted allelic substitution in porcine BACs. This will permit us to target gene function in somatic fibroblast lines and evaluate downstream events prior to in vivo studies. As previously reported by Montigny et al. [8] , we were able to demonstrate that BAC DNA purity and concentration did affect transfection efficiency. Furthermore, although the BAC construct used here was extremely large (>175 kb), we were able to demonstrate transfection and expression profiles consistent with other studies [8] .
